1. Introduction {#sec1-tropicalmed-03-00047}
===============

Human echinococcosis is estimated to affect 2--3 million people worldwide with 84 to 89 new cases reported per year in Australia, yet it is a 'neglected' disease \[[@B1-tropicalmed-03-00047],[@B2-tropicalmed-03-00047],[@B3-tropicalmed-03-00047],[@B4-tropicalmed-03-00047]\]. Human echinococcosis is caused by the cestodes *E. granulosus* (s.l.) (hydatid disease), *E. multiocularis* (alveolar hydatid disease), or *E. vogeli* and *E. oligarthus* (polycystic echinococcosis). *E. granulosus* (s.l.) is found throughout the world and canids are the definitive host. Hydatid cysts may develop in the lungs, liver, brain, or other internal organs of intermediate hosts such as humans, cattle, macropods, and other marsupials. Hydatidosis in Australia has been recognized since the 1860s. Transmission of *E. granulosus* (s.l.) in Australia has been facilitated by the presence of definitive hosts (dingoes and dogs) and naïve susceptible intermediate hosts such as macropods. Environmental conditions in eastern Australia, particularly in coastal areas and along the Great Dividing Range, with \>25 mm/month rainfall for 6 months of the year, are favorable for transmission of the parasite \[[@B4-tropicalmed-03-00047]\].

The role of macropods as a sylvatic reservoir of the parasite has been well documented \[[@B5-tropicalmed-03-00047],[@B6-tropicalmed-03-00047],[@B7-tropicalmed-03-00047]\]. Jenkins \[[@B7-tropicalmed-03-00047]\] noted that hydatid cysts most commonly occur in the lungs of kangaroo and wallaby hosts with cysts in the liver occasionally seen in the eastern grey kangaroo, *Macropus giganteus*. Localization of cysts in pulmonary tissues of macropods such as rock wallabies likely compromises lung function and reduces fright and flight responses, making them susceptible to predation \[[@B8-tropicalmed-03-00047],[@B9-tropicalmed-03-00047]\]. Banks \[[@B6-tropicalmed-03-00047]\] found that *E. granulosus* eggs in faeces deposited by dingoes tend to be concentrated on the verges of dense scrub where wallabies congregate, rather than in open woodland or savannah, and therefore increase the likelihood of transmission among hosts.

In this report, we describe hydatidosis in Lumholtz's tree-kangaroos for the first time. Tree-kangaroos are an iconic representative of biodiversity in the Wet Tropics World Heritage Area of Australia and their predominantly arboreal existence makes infection with a parasite present on the ground unusual. Lumholtz's tree-kangaroo is one of Australia's largest arboreal marsupials \[[@B10-tropicalmed-03-00047]\], coming to ground primarily to move between patches of rainforest trees or while dispersing from the maternal home range (see [Supplemental Figure S1](#app1-tropicalmed-03-00047){ref-type="app"}). Due to fragmentation of habitat on the Atherton Tablelands, tree-kangaroos commonly travel between patches of forest and, as such may come into contact with dingo or wild dog faeces deposited at the interface between remnant forest and grasslands. As the eggs of *E. granulosus* can survive for many months in the environment and will be dispersed over large areas by wind, rain, and insects, animals will be exposed to infective eggs as they travel across the ground \[[@B3-tropicalmed-03-00047],[@B11-tropicalmed-03-00047]\]. Lumholtz's tree-kangaroo were among the 29 native prey species identified by Vernes and Dennis \[[@B12-tropicalmed-03-00047]\] consumed by dingoes on the Atherton Tablelands. Hence, participation in the life cycle of *E. granulosus* by Lumholtz's tree-kangaroos and dingoes is possible.

Injured and dead Lumholtz's tree-kangaroo were collected from various locations on the Atherton Tablelands as part of a mortality study conducted between August 2012 and December 2017. These were collected through a concerted campaign utilizing the local wildlife care network, media, and social media. The public was requested to notify the senior author (ALS) by telephone of injured or dead tree-kangaroos. Upon being notified of a dead or injured tree-kangaroo, the senior author visited the site, confirmed host species identity, recorded site coordinates, and performed a post-mortem examination on the carcass to determine the cause of death. Tissue samples were collected for histopathology. Presence of *E. granulosus* was confirmed by histological identification of protoscolices in the 'hydatid sand' collected from cysts and brood capsules. Molecular diagnostics would have been useful to confirm the identity of the strain of *Echinococcus* but were not carried out due to a lack of resources.

2. Cases {#sec2-tropicalmed-03-00047}
========

2.1. Case \#1: 4.6 Kg Female Lumholtz's Tree-Kangaroo (Case 16-532) {#sec2dot1-tropicalmed-03-00047}
-------------------------------------------------------------------

A 4.6 kg female Lumholtz's tree-kangaroo was killed by a dog on a cattle property on the Atherton Tablelands, QLD. The dog responsible for killing this tree-kangaroo was on a regular program of deworming, which included praziquantel. The tree-kangaroo carcass was intact and had not been fed upon. Based on lack of enlarged teats, active ovarian tissue and dentition, the tree-kangaroo was estimated to be a nulliparous female approximately 3 years old.

On post-mortem examination, extensive bite wounds were found over the tail, head, and caudal abdomen. On opening the abdomen, large cystic structures were found occupying approximately a quarter of the liver mass ([Figure 1](#tropicalmed-03-00047-f001){ref-type="fig"}).

Examination of the thoracic cavity revealed multiple cystic structures occupying approximately half of the total lung volume ([Figure 2](#tropicalmed-03-00047-f002){ref-type="fig"}).

Multiple active (and fertile) *E. granulosus* hydatid cysts and cysts in various stages of degeneration were found on histopathology. Histopathologic examination of lungs revealed a well-formed, thickly encapsulated granuloma, the center of which contained a thick laminated hyaline membrane, surrounded by a thin rim of neutrophils, macrophages, and lymphocytes, consistent with a hydatid cyst. The liver showed a section of cyst wall containing numerous (up to ten) protoscolices within brood capsules ([Figure 3](#tropicalmed-03-00047-f003){ref-type="fig"}).

2.2. Case \#2 {#sec2dot2-tropicalmed-03-00047}
-------------

The second case of *E. granulosus* in a Lumholtz's tree-kangaroo was an 8.5 kg adult male. Based on weight, pelage coloration and dental wear, the animal was estimated to be greater than six years old. The animal had been found in an emaciated, obtundate state on the side of a road. Clinical assessment showed 3--5% dehydration (based on skin turgor); a phthisical left globe with irregular surface to the cornea and an opaque right eye with what appeared to be a mature cataract. There was an area of moist, erosive dermatitis extending from the right inguinal region along the caudomedial aspect of the right rear limb with a 30 × 60 mm granulomatous lesion at the cranial aspect of the limb. A presumption of vehicular trauma was made, and the animal was euthanized due to age, condition, and poor prognosis.

On gross post-mortem examination, multiple hydatid cysts were found in the liver and lungs. Some had degenerate cysts which lacked a germinal membrane, others had viable protoscolices. The cyst membranes were unusually thick. They were surrounded by a fibroblastic response with giant cells, indicating chronic inflammation. Calcarous bodies were noted in the laminated layers and the germinal layers were thick ([Figure 4](#tropicalmed-03-00047-f004){ref-type="fig"}). The lungs showed evidence of bacterial pneumonia as well as an eosinophilic response to the cysts. Multiple presumptive sarcocysts, previously reported in Lumholtz's tree-kangaroo by Speare \[[@B13-tropicalmed-03-00047]\], were seen in the tongue ([Figure 5](#tropicalmed-03-00047-f005){ref-type="fig"}).

3. Discussion and Results {#sec3-tropicalmed-03-00047}
=========================

Historically, *E. granulosus* (s.l.) was considered a serious and potentially fatal health threat in Australia \[[@B14-tropicalmed-03-00047]\]. Significant control measures were instituted, particularly in Tasmania, where the disease was subsequently eradicated. *E. granulosus* (s.l.) G1 is the only strain of echinococcus identified in Australia \[[@B15-tropicalmed-03-00047]\]. PCR on the samples from these two cases would have been useful to determine the strain of *E. granulosus* (s.l.); however, due to resource constraints, this was not done. The inability to eliminate the disease on the mainland has been due to the presence of a wildlife reservoir, lack of political interest and funding for disease eradication, and lack of requirements for reporting the disease in livestock and humans \[[@B16-tropicalmed-03-00047]\]. Hydatid disease has been demonstrated to cause depression in growth rates of some species of livestock \[[@B17-tropicalmed-03-00047]\]. Infection with hydatid cysts in cattle represents a significant economic loss to the beef industry in Queensland north of the Tropic of Capricorn \[[@B17-tropicalmed-03-00047]\]. There is no surveillance program in abattoirs for monitoring hydatidosis in livestock. Since 2008, human echinococcosis has been a non-notifiable disease in Queensland \[[@B18-tropicalmed-03-00047]\], yet hydatidosis is still a potentially-significant human health risk in Australia, with approximately 80--100 human cases diagnosed each year \[[@B4-tropicalmed-03-00047],[@B19-tropicalmed-03-00047]\]. In humans, cystic echinococcosis can have a long period of asymptomatic incubation before the cysts grow large enough to cause one or more of the following: a fracture, abdominal pain, hepatomegaly or, if the cysts burst, anaphylaxis \[[@B20-tropicalmed-03-00047],[@B21-tropicalmed-03-00047]\].

The Atherton Tablelands is an agricultural area of increasing human population, growing from 26,320 in 1976 to 44,350 in 2007, with considerable interface between forest and scrub, pasture for mainly cattle, farmland and residential areas \[[@B22-tropicalmed-03-00047],[@B23-tropicalmed-03-00047]\]. Finding tree-kangaroos, a species that does not spend much of its time on the ground, infected with hydatid cysts may indicate that the abundance of dogs (either dingoes, feral or domestic dogs) infected with *E. granulosus* (s.l.) on the Atherton Tablelands is relatively high and increasing and therefore, an under-estimated zoonotic risk. There is considerable beef and dairy production as well as a growing human population, especially in semi-rural town areas in the region. *E. granulosus* may have relatively high transmission rates on the Atherton Tablelands as eggs would remain viable in the environment for a year under favorable conditions (shady, cool, damp) \[[@B4-tropicalmed-03-00047]\]. *E. granulosus* eggs in canid faeces are immediately infective to humans and coprophagous flies can be an important conduit for spreading infection by feeding on dingo/wild dog faeces and then moving onto human food \[[@B11-tropicalmed-03-00047],[@B16-tropicalmed-03-00047]\]. Encroachment of dingoes into urban areas as well as the increasing use of domestic dogs for pig-hunting may be increasing the risk of transmission of *E. granulosus* to humans in urban and rural residential regions \[[@B6-tropicalmed-03-00047],[@B16-tropicalmed-03-00047],[@B24-tropicalmed-03-00047],[@B25-tropicalmed-03-00047]\].

This study reports detection of *E. granulosus* cysts through post-mortem examination of Lumholtz's tree-kangaroos as part of a wildlife health surveillance PhD project. Macropods, including tree-kangaroos, are commonly identified by wildlife carers as having 'pneumonia'; they may actually have compromised lung function due to hydatid cysts or other infectious diseases (e.g., toxoplasmosis) \[[@B26-tropicalmed-03-00047],[@B27-tropicalmed-03-00047],[@B28-tropicalmed-03-00047]\]. Macropods entering the wildlife care network may not be examined by a veterinarian and few receive post-mortem examination, so quantifying the disease in sylvatic hosts is extremely difficult especially as attempts to develop serologic tests to diagnose hydatidosis in live animals have been unsuccessful \[[@B5-tropicalmed-03-00047],[@B29-tropicalmed-03-00047]\]. Nevertheless, a one health surveillance program tailored to the Atherton Tablelands for hydatid disease via post-mortem examinations of wildlife, surveying for *Echinococcus* coproantigens in dog faeces and surveillance of livers and lungs of cattle at abattoirs may be useful in determining the prevalence and risk of transmission of *E. granulosus* (s.l.) in the region. This would enable practical measures to be undertaken to reduce the risk of human infection and the incidence of the disease in wildlife and domestic stock.

In memory of Rick Speare; the first person to identify hydatid cysts in a Lumholtz's tree-kangaroo but who never managed to get around to publishing his finding. This was not through lack of effort but rather due to a kaleidoscope of competing interests. With thanks to Ian Beveridge; Dave Spratt; Ms Karen Reeks; and Allan Kessel. Financial support was provided from the Holsworth Wildlife Research Endowment, Skyrail Rainforest Foundation, Wet Tropics Management Authority, M.A. Ingram Trust, and an Australian Postgraduate Award.

The following are available online at <http://www.mdpi.com/2414-6366/3/2/47/s1>, Figure S1: Male Lumholtz's tree-kangaroo. Photo by J. Hopkinson.
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